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X ray studies on the compounds CaBi 2 Nb a O e (1) and Bi^Ou (2) have 
shown that the comparatively complicated chemical 'formulae of these compounds 
can be explained by simple layer structures being built up from BigOT layers 
and perowskite layers. The unit cells are pictured schematically in Figs. 1 a and 
1 c. It was found both for CaBi 2 Nb a 0 9 and Bi4Ti 3 0 12 that the symmetry was 
body-centered pseudo-tetragonal and that the length of the a axes had the 
same value (3.8 A) while the length of the c-axis was 25 A for CaBi fi Nb 2 0 9 
and 33 A. for B^T^O^. In both structures the heavy atoms form approximately 
a "substructure" with a smaller body-centered tetragonal cell with a « 3.8 A 
and c = 25/5 A for CaBi a Nb a 0 9 or c = 33/7 A for Bi 4 Ti 8 O ia . 

The Bi 2 0 2 layers and perowskite layers lie perpendicular to the c-axis. Similar 
layer structures have been found for a number of bismuth oxicompounds (3,4,5). 
The common structural element in all these compounds is quadratic Bi 2 O a layers 
between which halides or certain radicals are inserted. This explains the fact 
that the a axes of all these compounds are of about the same length. For a 
survey see (5). 

For the CaBi 2 Nb 2 0 9 type each perowskite layer has the composition (CaNb a 0 7 )n 
and the height of the layer is equal to four distances Nb— O or approximately 
to the height of two E2j (perowskite) unit cells (see Fig. l a). A compound 
with a somewhat similar structure has previously been investigated by Lager- 
crantz and Sill^n (5). In this structure (see Fig. 1 b), beyerite CaBi 2 0 2 (C0 8 ) 2 , 
the point positions corresponding to the positions of the Nb atoms in CaBi a Nb a 0 9 
are occupied by "rotating" COT groups. 

For the Bi^O^ type the perowskite layers have the composition (Bi 2 Ti a Oi 0 )n 
and the height of the layer is equal to six distances Ti— O or approximately 
to the height of three E2 X unit cells. 

The general formula for a compound built up in a way similar to CaBi a Nb 2 0 9 
but where the height of the perowskite layer enclosed between a pair of Me^ 
layers is equal to the height of m B2x cells, will be: 

Me a O a (Me^- 1 R*(W). Me, Me': Ca, Sr, Ba Bi (K + Bi)/2 etc. 

R: Ti,Nb,Ta (Nb + Ti)/2 etc. 
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Fig. 2. Pattersoi 



Pig. 1. Schematical pictures of the structures af a. CaBi 2 Nb fl O e b. CaBi t O B {CO,) ft and 
c. Bi^T^O^. The vertical lines indicate the lines 0 0 z and Hz in the unit cells. A denotes ..sj 
perowskitio (£2i) regions in the structures. 



It seemed of interest to investigate whether compounds could be synthesized 
with m — 4. The present investigation shows that structures of the ahove type 
with m = 4 exist. 

Mixtures of Bi a 0 3 , BaC0 3 and Ti0 2 , corresponding to the composition. 
BaBi 4 Ti 4 0 15 were prepared and heated to 1100° C, Single crystals, thin plates, 
Were picked out and Weissenberg photographs were taken. These could be 
interpreted by means of a body-centered tetragonal cell with a = 3.86 A and 
c =» 41.7 A. The strong lines of the powder photographs (taken from prepara- 
tions heated to 900° C (Au crucible) or 1100° C (Pt crucible) were easily iden- 
tified since they could all be described with the aid of the "sub^-lattice" {a « 
3.86 c = 41.7/9). If the c axis were 9 fold even the weak lines bould be 
explained (Table 3). In this way the cell edges were found to be a = 3.864 A 
and c « 41,76 A. The observed density was 7.2, which agrees fairly well with 
the assumption of 2 formula units/unit cell (calculated density 7.49). 

The Weissenberg photographs registered Ok I, Ihl, hhl and A, h + 1, I In 
the Weinberg and powder photographs there was nothing to indicate a lower 
iLaue symmetry than 4/mmm. Except for the extinctions due to the body- 
centering, hkl occurring only f or h + k + I = 2w, no systematic extinctions were 
found, which is characteristic of the space groups Cj r , and D«. Kg- 2 
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Fig. 2. Patterson Harker function of BaBi4Ti 4 O l5 along 0 0 ». 

used for this calculation. 



All observed reflexions were 




Fig. 3. Three dimensional Fourier cut along OOe for BaBi^TiaOis. The same intensity 
material was used as for the Patterson Harker analysis pictured in Fig. 2. The signs of 
the amplitudes are the same as those obtained in the structure factor calculation for Table 2. 
The vertical arrows correspond to the % values actually assumed. 
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shows the Patterson Harker function along OOz, For all observed reflexions 

the F 2 values were estimated from: F 2 — Jobs, - j - i , SU> 2 0 h ' A* expected large 

1 + cos* Zv - 

peaks appear at z ~ 1/9 2/9 3/9 and 4/9. 

It is interesting to compare the cell dimensions found above with the ones 
which might be expected if the compound BaB^Ti^C^ is assumed to have a: 
structure similar to that of CaBi 2 Nb*Oe but with m = L In this case the a \ 
axis would have about the same value as found. The length of the c axis 
might be estimated in the following way: The c axis of BigNbTiOg (m = 2 see (1)) ; 
is 25.11 A; the value for Bi 4 Ti 3 0 18 (m - 3 see (2)) is 32.83, the difference is . 
7.72. If twice this value is added to the c axis of BaBigNbgC^ (m « 2) the": 
value 41.0 A is obtained. The value actually found was, as mentioned above,' 
41.76 A. 

From the composition, cell dimensions, and crystal symmetry it seemed a priori . 
probable that the structure of BaB^Ti^^ was the one we anticipated. There- 
fore, the parameters were worked out with the aid of the parameters found for ' 

Table 1 

Weissenberg photographs of BaBi/T^O^. Cu K a radiation. For zero order photo-, 
graphs the regions of maximum absorption (see Wells (6)) are indicated by dotted* 
lines. The intensities of 101, 10 3 and 105 have been taken from a zero order 
photograph, those of 1027—1049 from a first order 
photograph rotated around (100). 
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Table 1 (cont.) 

Weissenberg photographs of BaB^Ti^g. Cu K a radiation. 
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Bi s NbTi0 9 and Bi^sO]*. The positions of the heavy atoms might be expected 
to be: 2 Ba inOOO, 4 Bi in + OOz^ 4 Bi in ± OOzjj. 

The positions of the Ti and 0 atoms might be expected to be: 

4 Ti in ± 00^, 4 Ti in ± 00z 4 , 2 0 in 00*, 8 0 in ± (Oi(i-Za), 
i0(i-8s)), 8 0 in ± (0i(i-2 4 ), *0(J-z 4 )), 40in ±00 (z, + z 4 )/2 
4 0 in ± OOfo-fo-zs)^), *0in 0H.i<>i 
Zi = 1/9 zg a* 2/9 z 3 = 0.350 z 4 ~ 0.450 

These atomic positions would give rise to high peaks in the Patterson-H&rker plot at the 
same values as actually found. The calculated area ratios agree, however, with the observed 
ones only in as muoh as the biggest area is found for the peak at l/9. The reasons might 
be an incorrect choice of the zero level and errors in the estimation of the intensities. 

The parameters were varied around the above values for different positions 
of the Ba atoms: 2 Ba in 000, OOzi. or 00z a) 2 Ba equally distributed over 
(000 + OOzj), (000 + 00za), (00«i + OOzj) or (000 + 00zj + 00za). The best 
agreement seemed to be for zj. - 0.106 ± 0.001, z 8 = 0.221 ± 0.001, z* - 0.352 
± 0.004, z 4 = 0.452 ± 0.004 -with 2 Ba equally distributed over (000 + OOzj. + 
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Table 2 

Weissenberg photographs of BaB^TiaOx^. Cu K a radiation 

Jcalo. = (2.6 F/f B1 )" 
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Table 3 



Powder photographs of BaBi^Ois Cr K* radiation. 
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OOZ2). Other distributions of Ba should, however, not be excluded; as -will be 
seen the three dimensional Fourier out along 002 (see Fig. 3) seems to favour the 
following Me arrangement: 4 Bi + 00z a and (2 Ba + 4 Bi) equally distributed 
over the positions 000 and + 00^. 
From Table 1 it is seen that roughly for the same value of I: loot {201 

- 1 221 85 I*Qh I 111 - IsH ^ I*3l> IlOl ^ !%U 35 ^301 ^ *32i ~ *41* might 

be expected from the above atomic positions with atoms only on the lines 
00 z, 0$z and £0z. Table 2 gives calculated and observed intensities 

for the rows 00?, 10?, 21?, 22? and 30?. It was found from the Weis- 
senberg photographs that 00 28>0030 and 1037 > 1039 (see Table 2) but 
the observed ratios do not seem to be as large as those calculated. This is 
more clearly seen for the rows 40? and 30? where 4028 <4030 and 3037 
^ 3 0 39. These discrepancies oould neither be removed by small -variations in 
the z parameters nor by assuming other distributions of the Ba atoms for the 
structure factor calculations. Other discrepancies found from Tables 1 and 2 
are 222:224, 332:334, 0050:0052 and 1148:1152. However, for most 
reflexions the agreement is quite good and considering the errors which might 
be introduced by absorption effects and errors in the ratios fn/fBi and f 0 /fBi 
the agreement might on the whole be classified as fairly good. 
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The following structure is therefore proposed: 
(000, Hi) + 

2 Me! in 2 (a) 000 
2 O x in 2 (6) 004 

4 Ti, in 4 (a) OOz; 00* z = 0 452 

4 °* » 4 < e ) * - 0.402 
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4Me 2 in 4 (e) 
8 0 4 in 8 (g) 
4 Tia in 4 (e) 
4 0 6 in 4 (c) 
4 Meg in 4 (e) 
4 0 6 in 4 (d) Oii; *0£ 



2 «= 0.106 
« = 0.148 
z = 0.352 
z = 0.302 
z = 0.221 



Ba and Bi equally distributed over all Me positions. 

If the structure is described by mean* of an orthorhombio space group (DS). as used for 
the of KsNbKO, and BWz* the positions will be: Dg-pLm (000; 

HO; OJJ; iOi) + 4 Me x in 4 («) 000, 4 O, in 4 (J) 00*. IS 0 8 in 16 Ij) *±*i W 
H« « = 0.048, 8 in 8 (i) OOz; 00* * - 0.462, 8 0 3 in 8 (») * = 0.402, 8 in' 

8 (Q * = 0.106, 16 0 4 in 16 (3) z = 0.148, 8 Ti 8 in 8 (i) * = 0.352, 8 0 6 in 8 (i) ; = olo2 
8 Jfe* in 8 (*) z = 0.221, 8 O e in« {/) J£ |. 8 U 

The distances (A) and coordination will be: 



Ox-8 0 2 « 2.78 
O s - 4 0 8 - 2.84 
Oj -4 0 4 = 2.84 
O s -4 0, = 2.91 



O a -4 0 8 = 2.73 Me8-4 0 8 = 3.10 
0 4 - 4 0 4 = 2.73 Meg - 4 0 3 = 2.75 
0„ — 4 O e = 2.73 Me 8 - 4 0 4 - 2.61 



Me x — 8 O a = 2.78 
Me x — 4 Oj = 2.73 



Tij — O a - 2.09 
Tii -4 0 2 = 1.93 
Tii-Ox^^OO 

Ti 8 -O a = 2.09 
Ti 8 -4 0 4 = 1.93 
Ti a -O 6 = 2.09 



Me a — 4 0 8 = 2.28 
Mes — 4 0 6 - 2.89 
(Mes — 4 0 4 = 3.64) 

One half of the unit cell is shown in Kg. 4. 
I wish to thank Professor L. G. Smo&r for valuable discussions on this work. 
Stockholms Hogskola, Institute of Inorganic and Physical Chemistry. May 1950. 
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